Abstract
Introduction
Assignment of Enzyme Classification (EC) numbers to Protein Databank (Berman et al., 2000, PDB) chains allows functional assignments to be made to enzyme chains in the PDB. Such a mapping has been used in the analysis of protein fold distributions for different enzyme classes (Martin et al., 1998) and has application in the automated predictive annotation of protein sequences assigned to a given fold by methods such as threading (Jones et al., 1992) . It can also be used as an aid to verifying protein structure classification schemes such as CATH (Orengo et al., 1997) and SCOP (Murzin et al., 1995) and for the general exploration of correlations between fold and function.
Assignment of EC numbers to PDB chains is a non-trivial task. Primarily this is because PDB files generally only contain the EC number in the COMPND record which applies to the whole file. For example, in entry 3HFL (Sheriff et al., 1987) , the EC number 3.2.1.17 is found. Since this is the antibody (Bokma et al., 2002) ).
Previously we mapped PDB chain to EC number to analyze the distribution of CATH folds amongst different enzyme classes (Martin et al., 1998) . Each chain was mapped to a SwissProt entry (Boeckmann et al., 2003) and information from the the Enzyme database (Bairoch, 2000) and SwissProt entries was used to obtain EC numbers. Mapping from PDB chain to SwissProt is non-trivial as crosslinks from PDB to SwissProt, where present, can contain either the SwissProt identifier (ID) or the accession code (AC), but usefully are presented at the chain level, while links in the other direction are at the whole PDB file level, but are updated more frequently. FASTA (Pearson and Lipman, 1988) was used to resolve which chain was involved and a brute-force FASTA search against SwissProt was used for any unassigned chains. The whole process took some 3-4 days to run and unfortunately was not designed in a manner that could allow fast easy updates as new PDB or SwissProt entries become available.
The problem of PDB chain to SwissProt mapping has been partially addressed by the Research Collaboratory for Structural Bioinformatics (RCSB). Their beta site provides a mapping of PDB files to associated SwissProt entries (ftp://beta.rcsb.org/pub/pdb/uniformity/ derived data/pdb2sp.txt), but this simply lists all the entries associated with a file and gives no information about which chain is involved. The new XML format files containing PDB data (available at ftp://beta.rcsb.org/pub/pdb/uniformity/ data/XML/) now provide a mapping between 'entities' and SwissProt entries where an entity corresponds to a unique gene segment. This does appear to provide a reliable source of mappings, but extracting the EC number together with the associated chain and residue range on a regular automated basis remains a fairly complex task. In addition, the format of these files is still in a state of flux and the RCSB's alpha data have relevant differences. Like the original PDB files, both the flat file and the XML files still seem to suffer from inconsistencies in the use of SwissProt identifiers and accession codes.
The problem, however, has now been addressed by the Macromolecular Structure Database (MSD) group at the European Bioinformatics Institute (EBI). They now provide a mapping between PDB chain and SwissProt accession code at the individual residue level. This has the added benefit of correctly handling chimeric chains such as chain A of PDB entry 1GK5 (Chamberlin et al., 2001) . At the time of writing this mapping is updated on request, but should be available by FTP in an automatically updated form in the near future.
Methods
From the EBI's PDB/SwissProt mapping we now obtain a simplified representation -a residue range within a PDB chain and the SwissProt accession code to which it maps. These data are imported into a table in a relational database implemented using PostgreSQL (http://www.postgresql.org/). Secondly we use the Enzyme database to obtain mappings between SwissProt codes and EC numbers. Additional mappings are then obtained from SwissProt which is updated more regularly than the enzyme database and also contains partial assignments (e.g. EC number 1.1.1.-). These mappings are loaded into a second database table.
Queries of the resulting database allow PDB chains to be linked to SwissProt codes and thence to EC numbers. The complete mappings are exported from the database as a flat file and in XML. A web query interface is provided, allowing queries on the basis of PDB code, SwissProt accession number, or EC number. The results provide links to CATH (Orengo et al., 1997) , PDBSum (Laskowski, 2001 ) and the original SwissProt data via SRS (Etzold and Argos, 1993) at the EBI.
Central to the design of the system is automated updating. The Unix 'make' utility is used to update the database in a completely automated fashion. A similar approach was taken by us previously (Allcorn and Martin, 2002) . The three data sources (a. the PDB/SwissProt mapping; b. the Enzyme database; c. SwissProt with all updates and modifications applied) are mirrored locally using the Perl 'mirror' script (http://sunsite.org.uk/packages/mirror/). 'Make' is then used to detect when these have been updated.
If either the PDB/SwissProt mapping or the EC database is updated, the respective table is dropped and reloaded with the new data. If SwissProt is updated, then any additional information it supplies is added to the SwissProt/EC mapping table. The 'make' utility is run automatically on a nightly basis.
The web site provides a search page allowing the database to be searched by PDB code (optionally with chain name), SwissProt accession code, or EC number. Partial EC numbers may be entered (for example 1.1.1 will return all the 1.1.1.* entries). From the search page, the mapping between PDB residue range, SwissProt accession code and EC number may be downloaded as a flat file or an XML file.
The results page from a search displays the description of the relevant enzyme reaction followed by a table containing the results. This contains the PDB code, chain label (both of which are clickable to limit the search to this PDB code and chain respectively) and residue range, together with links to the CATH (Orengo et al., 1997) and PDBSum (Laskowski, 2001) databases. The SwissProt accession code is provided together with a link to the SwissProt entry via SRS (Etzold and Argos, 1993) at the EBI. The accession code is clickable refining the search to show all entries for that SwissProt entry. Finally the EC number (again clickable to refine the search) is displayed together with a link which provides a more detailed description of the enzyme reaction extracted from the Enzyme database.
Refinement of the search via the web page is a useful facility for exploring relationships between proteins in the PDB. For example, suppose one searches initially for 3HFL (Sheriff et al., 1987) , an antibody bound to hen egg lysozyme. The results from this search include the SwissProt accession code 'P00698'. Clicking this provides a list of all the chains in the PDB which are structures for hen egg lysozyme. The search also provides the EC code (3.2.1.17) and clicking this provides a list of all lysozyme structures.
Discussion
PDBSprotEC provides a reliable mapping between PDB chain and EC number in a totally automated fashion. As source data are updated, so the database will be brought up to date with no user intervention.
The interface provides a searchable and browsable system. For example, one can enter a PDB code and identify its EC number. By clicking on that EC number, all PDB entries having the same EC number will be displayed with their SwissProt accession codes.
Other resources provide a partial mapping between PDB code and EC number. For example, PDBSum (Laskowski, 2001 ) extracts the EC number from the PDB file, but this is on a per-entry basis rather than perchain. Similarly, the 'Enzyme Structures Database' (http://www.biochem.ucl.ac.uk/bsm/enzymes/), provides a browsable EC number-based index into the PDB, but suffers from the same per-entry problem and does not correctly handle chains with multiple EC numbers (e.g. entry 1KR1 (Bokma et al., 2002) ) as only the first EC number is stored (PDBSum lists them all). In neither case is the mapping downloadable for use in further analysis. In future, we hope to integrate this resource more closely with CATH and PDBSum.
